X  AD-A097  470  WASHINGTON  UNIV  SEATTLE  DEPT  OF  PSYCHOLOGY  F/G  5/10 

AUTOMATIC  AND  CONTROLLED  ATTENTION  PROCESSES  IN  AUDITORY  DETECT— ETC < U> 
FEB  01  S  POLTROCK *  M  LANSMAN*  E  HUNT  N000 14-0O-C-O631 


UNCLASSIFIED  NL 


,fyfT- •»rt^!(f_'i »**  ^-i.l^  *V>Vt3TV'  -  - .'  0 


c 


5B 


Autemtlc  and  Controlled  Attention 
Processes  In  Auditory  Detection 

Steven  E.  Foltrock 
University  of  Denver 

Narcy  Lansaan  and  Earl  Hunt 
University  of  tleshlngton 


Technical  Report  No.  9 
February.  1981 


This  research  was  sponsored  by: 

Personnel  and  Training  Research  Program 

Psychological  Sciences  Divisions 

Office  el  Ravel  Research 

(Mder  Contrect  No.  R00014-80*C-0631 

Contract  Authority  Identification  Nuaber,  NR  ISO-457 


Approved  Per  public  release}  distribution  unlimited. 


Afrroducilon  in  uhele  or  in  pert  Is  pevsrttted 

rBr  Wf  ini  Verne  HefWVnw i 


Running  Head : 


Autoaatlc  and  Controlled  Attention 
Processes  in  Auditory  Detection 
Steven  E.  Poltrock 
University  of  Denver 
Harcy  Lansnan  and  Earl  Hunt 
University  of  Washington 


Attention  Processes  In  Auditory  Detection 


Accession  ror 

NTIS  GrA*I 
DTIC  TAB 
Unannounced 
Justification 


By - - - 

Dlst r ibut i on/ 

Availability  Codes 
Avail  and/or 
Dlst  I  Spool  al 

A!  I 


cn 


r 


Automatic  and  Controlled  Attention 
Processes  In  Auditory  Detection 


Steven  C.  Poltrock 
University  of  Denver 

Marcy  lansman  and  Earl  Hunt 
University  of  Washington 


Technical  Report  No.  9 
February.  1961 


This  research  was  sponsored  by: 

Personnel  and  Training  Research  Programs 

Psychological  Sciences  Divisions 

Office  of  Naval  Research 

Under  Contract  No.  N00014-80-C-0631 

Contract  Authority  Identification  Number.  NR  150-457 


Approved  for  public  release;  distribution  unlimited. 


Reproduction  In  whole  or  In  part  is  permitted 
for  any  purpose  of  the  U.S.  Government. 


-lU'IUw '  t  ■!  1  J.U  2  1 


REPORT  DOCUMENTATION  PAGE 


ISKBSamW 


I  a  v  7 1  jvj  t  M^rm  1 4 


NR  150-457  Report  #9  ' 


autmow*j 


RJTWZl 


I  Stevery Pol trock^  Marcy/Lansman|Nt  Eary  Hunt 


•  P(*roiMw«  ommiutim  name  and  AoencM 

Department  of  Psychology  NI-25 
University  of  Washington 

Seattle,  Washington  98195  _ 


II.  CONTMOLLINO  OPPICE  NAME  ANO  AOONCSS 

Personnel  and  Training  Research  Programs 
Office  of  Naval  Research  (Code  458) 

Arlington,  Virginia  22217 _ 


MON  I  TOPING  AGENCY  NAME  ft  AOONESSflf  Nlffemf  hen  Camrelllhf  OWet)  j  I*.  ItCURlTY  CLAM,  ft  mU  ***•") 

*  Unclassified 


m 


[7Ft 


It  DISTRIBUTION  STATEMENT  (of  thla  Jteperf) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (mi  thm  eftetrec#  amtm iNAffM*  N,  I#  EINnM  Rmptf) 


It.  KEY  WOROt  (CmUmn  mi  re  rare#  If  mere#***?  Md  Itfurtfp  If  INN 


attention,  dlchotlc  listening.  Individual  differences,  time-sharing, 
memory  search,  visual  search,  auditory  target  detection. 


to.  ABSTRACT  (Cmnthmm  an  rereree  •##»  If  Mveaatff  aid  IdMN# fp  If  INN  w— i»ar) 

See  reverse  side.... 


Unclassified 


\  Abstract 

An  analogy  can  ba  drawn  batwaan  visual  saarch  and  auditory  target 
da tact Ion.  Three  experiments  wars  designed  to  compare  perforaaace  In  the 
two  paradlgas.  In  Experlnent  1,  the  affects  of  consistent  and  varied  nap¬ 
ping  of  stimuli  and  responses  were  examined  in  an  auditory  detection  task. 
Subjects  responded  faster  and  made  fewer  errors  under  consistent  napping 
(CM)  than  varied  napping  (VM)  conditions ,  and  the  effect  of  memory  set 
sise  decreased  over  practice  in  the  CM  condition.  In  Experiment  2, 
performances  in  single-channel,  selective-attention,  and  divided-attention 
conditions  were  conpared  under  VM  conditions  for  auditory  target  detection. 
There  were  large  differences  among  the  three  conditions  in  contrast  to  re¬ 
sults  previously  obtained  under  CM  conditions  (Moray,  1975).  These 
differences  were  much  larger  in  the  auditory  detection  task  than  in  an 
analogous  visual  search  task  employed  in  Experiment  3.  An  analysis  of 
individual  differences  in  Experiments  2  and  3  indicated  that  there  is  no 
general  ability  to  divide  attention. '  The  results  are  discussed  in  terms 
of  automatic  and  controlled  processes  involved  in  recognition  of  target 
stimuli. 

t 
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Automatic  and  Controlled  Attention 
Processes  in  Auditory  Detection 

larly  research  on  attention  was  largely  concerned  with  the  auditory 
modality.  Presenting  different  Messages  simultaneously  to  the  two  ears 
sssMSd  to  be  the  ideal  way  to  Investigate  the  ability  to  divide  attention 
between  two  channels  of  information.  As  theory  and  research  in  attention 
have  Matured,  attentional  models  have  been  developed  to  explain  visual  as 
well  as  auditory  phenomena,  but  study  of  the  two  modalities  has  often  pro¬ 
ceeded  quite  independently.  The  purpose  of  this  article  is  to  consider 
whether  principles  proposed  to  explain  responses  to  visual  stimuli  also 
explain  performance  in  dlchotic  listening  tasks. 

Recently,  Shiffrin  and  Schneider  (1977;  Schneider  &  Shiffrln,  1977) 
have  proposed  a  general  theory  of  attention  derived  from  research  on 
visual  search.  Their  theory  postulates  the  existence  of  automatic  and 
controlled  search  processes  similar  to  those  suggested  by  James  (1890). 
Automatic  processes  are  postulated  to  explain  asymptotic  performance  when 
a  consistent  mapping  exists  between  stimuli  and  responses.  In  a  consistent 
mapping  (CM)  condition  the  target  items  remain  the  same  from  trial  to 
trial.  Wien  extensive  practice  is  provided  under  CM  conditions  subjects 
are  able  to  detect  a  target  accurately  at  extremely  brief  presentations. 
Shiffrin  and  Schneider  suggested  that  the  target  elicits  an  automatic 
attentional  response  under  CM  conditions.  When  a  varied  mapping  (VM) 
exists  between  stimuli  and  responses,  or  when  practice  is  Insufficient  to 
develop  an  automatic  response,  target  detection  requires  such  slower  pre¬ 
sentation.  Shiffrin  and  Schneider  proposed  that  a  controlled  search  is 
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conducted  wader  these  conditions. 

Schneider  end  Shiffrlo  pointed  out  thst  the  differences  between  CM  end 
li  cen  reconcile  sone  paradoxical  findings  in  the  literature  on  visual  search 
and  short-tern  senary.  It  is  new  s  classical  finding  that  the  tine  required 
to  search  for  an  alphanuneric  target  in  a  visual  display  is  a  linear  function 
of  the  niwber  of  itens  contained  in  the  array  (e.g.  Sternberg,  1966).  Many 
studies,  however,  have  not  obtained  this  result  (e.g.,  Egeth,  Jonides,  & 

Veil,  1972;  Krlstofferson,  1972).  In  nany  of  the  studies  where  the  linear 
f  inaction  was  observed,  the  target  stlnulus  was  changed  fron  trial  to  trial, 
while  in  studies  where  the  function  was  not  observed,  a  single  target  or  a 
■nail  set  of  possible  targets  was  used  In  all  trials.  This  parallels  the 
distinction  between  CM  and  VM  training  that  was  studied  explicitly  in 
Schneider  and  Shiffrin's  experiments. 

The  principal  objective  of  the  research  reported  here  was  to  discover 
whether  the  CM-VM  distinction  also  influences  performance  in  auditory 
attention  tasks.  It  is  clear  that  Shiffrin  and  Schneider  regard  their 
theory  to  be  quite  general,  and  to  apply  to  both  auditory  and  visual  sodal¬ 
ities.  Indeed,  they  have  argued  (Shiffrin  &  Schneider,  1977)  that  their 
extension  of  the  Deutsch  and  Deutsch  (1963)  nodal  accounts  for  the  results 
of  research  in  auditory  selective  attention.  Research  designed  expllcity 
to  apply  the  CM-VM  nanlpulation  to  the  auditory  sodality  should  establish 
whether  the  autouetlc-controlled  distinction  is  specific  to  visual  search 
or  is  rowan  to  both  visual  and  auditory  sodalities. 

In  Schneider  end  Shiffrin's  experiments,  subjects  were  required  to 
detect  a  target  letter  or  digit  in  a  single  visual  display  or  in  a  rapid 
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succession  of  dlaplays.  The  important  Independent  variables  were  the  number 
of  Items  In  each  display  (frame  size)  and  the  number  of  possible  target 
items  (memory  set  size).  Under  VM  conditions,  the  principal  findings  were 
that  errors  and  reaction  time  (RT)  increased  with  both  frame  size  and 
memory  set  size.  With  sufficient  practice  under  CM  conditions,  errors  and 
HI  were  essentially  unaffected  by  frame  size  and  memory  set  size.  Further¬ 
more,  when  the  sets  of  target  and  distractor  items  were  exchanged  after 
extensive  practice  in  the  CM  condition,  performance  was  severely  disrupted. 
Apparently,  the  automatic  response  to  target  items  continued  after  the 
target  and  distractor  sets  were  exchanged. 

Do  consistent  and  varied  mapping  have  similar  effects  in  auditory  tasks? 
To  address  this  question,  we  can  draw  an  analogy  between  visual  search  and 
auditory  target  detection.  In  both  tasks,  an  observer  must  find  designated 
target  items  among  distractors.  Auditory  target  detection  requires  the 
observer  to  listen  to  a  sequence  of  stimuli,  and  respond  when  a  target  is 
presented.  One  of  the  independent  variables  from  Schneider  and  Shiffrin's 
experiments,  memory  set  size,  has  a  direct  analogue  in  the  auditory  detect¬ 
ion  task.  Memory  set  size  refers  to  the  number  of  target  items  the  person  is 
listening  for.  The  other  Independent  variable,  frame  size,  has  no  exact 
counterpart  in  the  auditory  modality.  However,  an  analogy  can  be  drawn 
between  frame  size  and  number  of  competing  auditory  messages.  Thus  a 
dlchotlc  condition,  in  which  stimuli  are  presented  simultaneously  to  the 
two  ears,  would  correspond  to  a  frame  size  of  two.  Presentation  of  a  single 
message  to  one  or  both  ears  would  correspond  to  a  frame  size  of  one. 
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Previous  research  on  auditory  target  detection  provides  little  guidance 
regarding  the  effects  of  frame  size  and  memory  set  size  under  CM  and  VM  con¬ 
ditions.  The  most  extensive  investigations  of  auditory  target  detection  have 
.bean  conducted  by  Moray  (e.g.  Moray,  1975;  Os try,  Moray,  &  Marks,  1976). 

He  compared  accuracy  in  dlchotic  and  single- channel  conditions,  and  found 
that  accuracy  is  equal  in  these  two  conditions  providing  that  two  targets 
do  not  occur  slaultaneously  in  the  dlchotic  conditions.  Thus,  one  might 
say  that  in  Moray's  experiments  "frame  size"  did  not  affect  accuracy.  How¬ 
ever,  it  is  iaportant  to  note  that  participants  in  his  experiments  received 
extensive  prsctice  with  a  constant  assignment  of  items  to  target  and  dis- 
tractor  sets.  In  other  words,  Moray  used  a  consistent  ampping  condition. 

Previous  investigators  have  rarely  used  varied  mapping  procedures  in 
auditory  detection  research.  Thus,  it  is  not  clear  whether  Moray's  results 
depended  on  the  consistent  assignment  of  items  to  the  target  and  dlstractor 
sets.  In  the  experioients  reported  below,  performance  in  an  auditory  de¬ 
tection  paradigm  was  investigated  using  both  varied  and  consistent  supping. 


EXPERIMENT  1 

In  Experiment  1,  the  effects  of  memory  set  size  were  exsmined  under 
CM  and  VM  conditions.  Subjects  listened  to  dichotlcally  presented  letters 
for  either  one  or  three  target  letters.  The  time  to  react  to  the  presence 
of  a  target  letter  was  recorded.  If  a  serial  search  is  necessary  under  VM 
eondltions  as  Schneider  and  Shiffrln  argued,  then  on  each  trial  the  subject 
would  bo  required  to  successively  compare  each  member  of  the  dichotlcally 
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presented  pair  to  each  Item  In  the  target  set.  For  pairs  that  did  not  con¬ 
tain  a  target,  two  comparisons  would  be  necessary  for  memory  set  size  one 
and  a lx  comparisons  would  be  necessary  for  memory  set  size  three.  The 
average  number  of  comparisons  necessary  for  positive  pairs  that  did  contain 
a  target  Item  would  depend  on  whether  an  exhaustive  or  self-terminating  search 
was  employed.  An  average  of  two  or  six  comparisons  would  be  necessary  for  an 
exhaustive  search,  while  an  average  of  1.5  or  3.5  comparisons  would  be 
necessary  for  a  self-terminating  search.  In  either  case,  VM  would  lead  to 
a  difference  in  RT  between  the  one-  and  three-item  memory  sets  and  this 
difference  would  remain  even  after  extensive  practice. 

In  contrast,  if  CM  leads  to  an  automatic  attentional  response,  then 
serial  comparison  of  each  target  item  with  each  stimulus  pair  should  be  un¬ 
necessary  after  sufficient  practice.  Rather,  a  target  item  should  evoke  an 
automatic  attentional  response.  In  this  case,  we  would  expect  the  RT 
difference  between  one-item  and  three-item  memory  set  size  conditions  to 
diminish  with  practice.  Furthermore,  reversing  the  target  and  dlstractor 
sets  should  be  extremely  disruptive  after  CM  training  has  established  auto¬ 
matic  responding. 


Method 


Subjects 

The  subjects  were  22  students  at  -  the  University  of  Wsshlngton.  Each 
participated  in  six  one-hour  sessions  over  a  two-week  period.  Subjects 
were  recruited  through  advertisements  in  the  campus  newspaper,  and  were 
paid  $3.00  per  hour.  Eleven  subjects  were  assigned  to  the  CM  and  11  to  the 
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VM  conditions.  For  the  CM  group,  the  target  set  remained  constant  for  the 
first  four  days  of  the  experiments.  For  the  VM  group,  targets  and  dis- 
tractors  were  changed  in  every  block  of  trials.  Counterbalancing  of  stimulus 
u materials  required  the  division  of  CM  and  VM  groups  into  two  subgroups  containing  five 
or  six  objects  each.  Members  of  each  subgroup  were  tested  simultaneously. 

Stimuli  and  Design 

The  stimuli  were  the  letters  A,  B,  G,  H,  I,  L,  R  and  U,  spoken  in  a 
male  voice.  The  durations  of  the  stimuli  ranged  from  310  msec  for  the  letter 
G  to  378  msec  for  the  letter  U.  Pairs  of  letters  were  presented  dichotically  with 
computer-synchronized  stimulus  onsets.  The  onsets  of  successive  pairs  were 
separated  by  700  msec.  In  each  stimulus  block,  ISO  pairs  of  letters  were 
presented.  Twenty  of  these  pairs  contained  a  target  letter.  The  same 
letter  was  never  presented  to  both  ears  simultaneously,  and  two  targets 
were  never  presented  simultaneously.  In  fact,  the  spacing  between  consecu¬ 
tive  targets  ranged  from  A  to  11  letter  pairs.  The  ear  to  which  a  target 
letter  was  presented  was  chosen  randomly  with  the  restriction  that  10  targets 
were  presented  to  each  ear.  During  blocks  where  there  were  three  possible 
target  items,  the  target  presented  at  each  position  was  chosen  randomly. 

The  16  blocks  required  for  each  session  were  recorded  on  auditory  tape. 

Four  tapes  were  recorded  for  the  CM  condition  and  two  for  the  VM  condition. 

For  two  of  the  four  CM  tapes,  the  target  items  were  drawn  from  the  set 
(A(  B,  G,  H)  and  the  dlstractors  were  drawn  from  (I,  L,  R,  0).  For  the 
other  two  CM  tapes,  the  target  and  dlstractor  sets  were  reversed.  On  the 
VM  tapes,  the  targets  were  drawn  from  the  entire  set  of  eight  letters; 
four  dlstractors  were  chosen  randomly  from  the  remainder  of  the  set  for 
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each  block.  On  both  VM  and  CM  tapes,  the  number  of  possible  target  Items 
(one  or  three)  alternated  from  block  to  block.  On  half  of  the  tapes  In  each 
condition  the  first  block  contained  one  target  item.  On  the  other  half,  the 
first  block  contained  three  target  items. 

The  target  letters  were  counterbalanced  over  blocks.  In  the  CM  condition, 
each  of  the  four  target  letters  was  a  target  in  8  of  the  16  blocks.  In  two 
blocks  it  was  the  only  target  letter  and  in  six  blocks  it  was  one  of  three 
target  letters.  In  the  VM  condition,  each  of  the  eight  letters  appeared  as 
a  target  in  four  blocks.  In  one  block  it  was  the  only  target  letter  and  in 
three  blocks  it  was  one  of  three  target  letters. 

In  the  first  four  sessions  of  the  experiment,  the  two  subject  groups 
in  the  VM  condition  listened  to  the  two  VM  stimulus  tapes.  These  two  tapes 
were  alternated  from  session  to  session  and  counterbalanced  the  order  of 
the  number  of  targets.  Similarly,  the  CM  group  with  (A,  B,  G,  H)  as  targets 
and  the  CM  group  with  (I,  L,  R,  U)  as  targets  listened  to  two  tapes  alternated 
over  sessions.  In  the  fifth  and  sixth  sessions,  target  and  distractor  sets 
were  reversed  for  the  two  CM  groups.  Thus,  the  group  that  had  received 
(A,  B,  G,  H)  as  targets  during  the  first  four  sessions  now  received  (I,  L,  R,  U) 
as  targets,  and  vice  versa.  In  the  fifth  and  sixth  sessions,  the  VM  groups 
also  listened  to  CM  tapes.  One  VM  group  listened  to  the  tapes  with  (A,  B,  G,  H) 
as  targets  and  the  other  VM  group  listened  to  the  tapes  with  (I,  L,  R,  U) 
as  targets. 

Apparatus 

The  stimulus  tapes  were  produced  under  computer  control.  Each  of  the 
stimuli  was  digitized  at  a  10-KHz  sampling  rate  and  normalized  by  a  POP  11/10 


Automatic  and  Controlled 

6 

coaputer  at  the  University  of  Denver.  The  computer  controlled  the  output 
of  the  stimuli  which  were  recorded  using  a  Teac  4-channel  recorder.  Whenever 
a  target  letter  was  output,  a  brief  pulse  was  recorded  on  a  third  channel  of 
the  tape  in  synchrony  with  the  letter  onset. 

The  experiment  was  conducted  at  the  University  of  Washington  under  con¬ 
trol  of  a  NOVA  800  computer.  The  stimulus  tapes  were  played  on  a  similar 
Teac  4-channel  recorder.  The  output  of  the  third  channel  led  to  a  voice 
key  which  activated  a  contact  sensed  by  the  computer.  Thus,  the  computer 
was  synchronized  with  the  tape.  The  computer  controlled  the  display  of 
target  letters  on  oscilloscopes,  recorded  the  response  time  to  each  target, 
and  recorded  false  alarms. 

Each  subject  was  seated  in  a  sound  attenuating  chamber  facing  an 
oscilloscope  and  a  response  key  panel.  The  stimuli  were  presented  via 
Telephonies  TDH-39  headsets  at  a  comfortable  listening  level. 

Procedure 

At  the  beginning  of  the  experiment,  subjects  were  instructed  that 
letter  names  would  be  spoken  rapidly  to  both  ears,  and  their  task  was  to 
press  a  single  response  key  whenever  certain  target  letters  occurred.  Each 
subject  was  told  to  respond  with  the  index  finger  of  the  dominant  hand.  The 
target  and  distractor  sets  were  described  to  subjects  in  the  CM  groups  and 
the  complete  letter  set  was  described  to  subjects  in  the  VM  groups. 

lach  subject  listened  to  16  blocks  of  150  letters  pairs  during  each 
session,  plus  an  extra  practice  block  during  the  first  session.  At  the 
beginning  of  each  block,  an  auditory  message  Identified  one  or  three  target 
letters..  In  addition,  throughout  each  block  the  target  letters  were  con- 
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tlnuouely  displayed  on  an  oscilloscope  in  front  of  each  subject.  At  the 
beginning  of  the  fifth  session,  subjects  were  informed  that  the  target  and 
dlstractor  sets  would  be  changed  for  Sesaions  S  and  6. 

Results 

Scoring  Responses 

Each  response  was  categorized  as  either  a  response  to  a  target  (a  hit) 
or  a  response  when  no  target  was  presented  (a  false  alarm).  A  response 
was  scored  as  a  hit  if  (a)  it  occurred  during  a  temporal  window  beginning 
200  nsec  before  and  ending  2500  msec  after  the  target  onset,  and  (b)  it  was 
the  first  response  in  such  a  temporal  window.  All  other  responses  were 
categorized  as  false  alarms.  A  miss  was  scored  whenever  no  response  was 
scored  as  a  hit  for  that  target.  The  RT  for  a  hit  was  defined  as  the  time 
between  target  onset  and  response.  In  calculating  mean  RTs,  hit  responses 
were  omitted  which  exceeded  the  mean  RT  plus  three  standard  deviations  for 
that  subject  in  that  condition. 

The  data  from  the  first  day  of  the  experiment  for  six  subjects  in  the 
VM  condition  were  lost  due  to  a  power  failure.  Accuracy  and  RT  data  for 
the  VM  condition  on  Day  1  are  baaed  on  the  remaining  five  subjects. 

Reaction  Times 

Figure  1  shows  mean  RT  as  a  function  of  practice  for  the  CM  and  VM 
groups,  and  for  memory  set  sizes  one  and  three.  First  consider  the  data 
from  Days  1  through  4.  It  is  clear  from  Figure  1  that  the  mean  RT  for  the 
VM  group  was  considerably  slower  than  mean  RT  for  the  CM  group,  as 
Schnalder  and  Shlffrin  found  for  visual  stimuli. 
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For  the  VM  condition,  a  repeated  measures  analysis  of  variance  (ANOVA) 
was  conducted  on  RT  for  Days  2  through  4;  Day  1  was  eliminated  due  to  miss¬ 
ing  data.  Mean  RT  in  the  VM  condition  was  over  100  msec  longer  for  three 
targets  than  for  one  target,  £(1,10)  ■  296,  £<  .001,  and  mean  RT  decreased 
steadily  over  the  four  days,  resulting  in  a  significant  main  effect  of  days, 
£(2,20)  -  23,  £<.001.  However,  the  difference  in  RT  between  memory  set 
sizes  one  and  three  remained  relatively  constant  over  days,  resulting  in  a 
nonsignificant  interaction,  jl(2, 20)  ■  2.6,  £7.05. 

For  the  CM  condition,  an  ANOVA  of  RT  for  Days  1  through  4  was  conducted. 
Again,  RT  was  longer  for  three  targets  than  for  one  target,  £(1,10)  ■  54, 

£<  .001.  In  addition,  mean  RT  decreased  over  days,  though  not  as  much  as 
in  the  VM  condition,  resulting  in  a  significant  main  effect  of  days,  £(3,30)  * 
6.2,  £<.005.  Perhaps  the  most  interesting  difference  between  the  CM  and 
VM  conditions  is  the  interaction  between  days  and  memory  set  size.  In  the 
CM  condition  the  difference  in  RT  between  set  sizes  one  and  three  declined 
monotonically  from  83  msec  on  Day  1  to  26  msec  on  Day  4,  producing  a  highly 
significant  interaction,  £(3,30)  ■  14.7,  £<.001. 

On  Days  5  and  6  all  subjects  experienced  consistent  mapping  of  stimuli 
and  responses.  To  examine  the  effects  of  the  change  in  conditions,  mean  RTs 
for  CM  and  VM  groups  on  Days  4  and  5  were  analyzed  using  a  mixed  design 
ANOVA  in  which  the  be tween-subjects  factor  was  the  mapping  condition  (CM  or 
VM)  and  the  wlthin-sub j acts  factors  were  days  and  memory  set  size.  In  both 
days  and  both  conditions  the  mean  RT  was  slower  for  three  targets  than  one 
target,  producing  a  significant  effect  of  memory  set  size,  £(1,20)  ■  186, 
£<.001.  However,  the  mean  RTs  averaged  over  groups  or  over  days  were 
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approximately  equal,  reeultlng  In  aoaalgnlflcant  main  effects. 

Subjects  In  the  VM  group  showed  an  imawdlate  improvement  in  performance 
on  Day  5,  whereas  the  CM  group  was  highly  disrupted  by  the  reversal  of  the 
target  and  dlstractor  sets.  As  a  result,  the  Mapping  Condition  X  Day  Inter¬ 
action  was  highly  significant,  F(l,20)  ■  64,  £<  .001.  In  addition,  the 
Mapping  Condition  X  Memory  Set  Sice  Interaction  was  highly  significant, 

F(l,20)  -  13.9,  £<.005,  because  the  effect  of  memory  set  size  was  so  large  In  the 
VM  condition  on  Day  4.  Indeed,  the  most  interestin'*  result  was  the  change 
in  the  memory  set  size  effect  over  days.  For  the  VM  condition  the  difference 

between  set  sizes  one  and  three  declined  from  113  msec  on  Day  4  to  53  msec 

on  Day  5.  In  marked  contrast,  for  the  CM  condition  the  difference  between 
set  sizes  increased  from  26  to  68  msec.  The  ANOVA  confirmed  that  this  three- 
way  interaction  between  mapping  condition,  day,  and  set  size  was  highly 
significant,  £(1,20)  ■  48,  £<.001. 

Accuracy 

Figure  2  shows  percent  of  missed  targets  as  a  function  of  practice 
for  CM  and  VM  groups,  and  for  memory  set  sizes  one  and  three.  In  many  ways 

the  miss  rate  data  parallel  the  RT  data.  For  Days  1  through  4  the  miss 

rate  was  substantially  higher  for  the  VM  group  (about  15Z  overall)  than 
the  CM  group  (about  3Z). 

For  the  VM  condition  an  ANOVA  of  miss  rates  for  Days  2  through  4 
was  conducted.  Miss  rate  in  the  VM  condition  declined  over  days,  producing 
a  significant  main  effect  of  days,  F(2,20)  ■  9.0,  £<.005.  Furthermore. the  miss  rate 
was  higher  when  listening  for  three  targets  than  when  listening  for  one  target,  F 
(l,10)-9.3,  £<.05.  However,  the  effect  of  memory  set  size  did  not  change  over 
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Tor  the  CM  condition  an  ANOVA  vas  conducted  for  Days  1  through  4,  and 
no  significant  effects  were  obtained.  The  alas  rate  was  relatively  lov  on 
all  four  days,  and  there  was  little  difference  between  alas  rates  for  set 
sixes  one  and  three. 

The  reversal  of  targets  and  dlstractors  on  Day  5  resulted  In  an  Increase 
In  the  miss  rate  for  the  CM  group.  For  the  VM  group,  the  change  to  a  con¬ 
sistent  target  set  resulted  In  a  substantial  decrease  In  miss  rate.  Miss 
rates  for  Days  4  and  5  of  the  CM  and  VM  groups  were  analysed  using  a  nixed 
design  ANOVA  in  which  the  between-subjects  factor  was  mapping  condition  and 
the  within-subjects  factors  were  days  and  asaory  set  site.  None  of  the 
main  effects  were  significant,  though  the  asaory  set  slse  effect  approached  sig¬ 
nificance,  F (1,20)  •  4.3,  £<.10.  However,  the  Mapping  Condition  X  Day 
Interaction  was  significant,  £(1,20)  •  23,  £<  .001,  as  was  the  three-way 
Interaction  between  aspping  condition, day, and  aeaory  set  size,  F(l,20)  *  17, 
£<.C01. 

False  alara  rates,  shown  In  Figure  3,  were  coaputed  by  dividing  the 
nuaber  of  false  alarms  by  1040,  the  number  of  stimulus  pairs  in  each  condition 
that  did  not  contain  a  target.  The  false  alara  rates  were  low,  never  ex¬ 
ceeding  1Z  (or  10  false  alarms)  in  any  condition.  0a  Days  1  through  4  there 
was  little  difference  between  false  alara  rates  for  the  CM  group  (.5Z  overall) 
sad  the  VM  group  (.61) .  However,  false  alara  data  on  Days  S  sad  6  paralleled 
data  on  NT  and  Biases;  false  alarms  Increased  for  the  CM  group,  for  whoa 
targets  and  dlstractors  had  beam  reversed,  sad  decreased  for  the  VM  group, 
who  had  been  switched  to  a  consistent  set  of  targets. 
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Placuaalon 

Although  m  hm  drawn  an  analogy  batwaan  auditory  datactlon  and  visual 
search,  there  are  several  important  differences  between  the  two  paradigm. 

For  axaapla,  an  entire  visual  display  appears  virtually  slnultaneously,  while 
an  auditory  stiaulus  la  extended  In  ties.  Thus,  it  la  not  clear  which  tem¬ 
poral  segmnts  of  tha  auditory  stimuli  evoke  the  response.  Furthermore,  in 
many  visual  search  tasks,  each  stiaulus  presentation  constitutes  a  discrete 
trial.  In  Experiment  1,  pairs  of  stimuli  were  presented  In  a  continuous 
sequence,  so  targets  could  not  be  changed  before  every  stimulus  presentation. 
Thus,  even  in  the  VM  condition  the  target  set  remained  constant  for  blocks 
of  150  trials. 

In  spite  of  these  differences.  Experiment  1  showed  the  effects  of  con¬ 
sistent  and  varied  mapping  to  be  quite  similar  for  the  two  paradigm.  Per¬ 
formance  under  CM  conditions  was  far  superior  to  that  in  VM  conditions,  as 
indicated  by  both  RT  and  accuracy.  Equally  Important,  the  effect  of  memory 
aet  alsa  was  much  greater  in  the  VM  condition,  where  it  remined  relatively 
constant  over  the  first  four  days,  than  in  the  CM  condition,  where  it  de¬ 
creased  steadily  from  Day  1  to  Day  4.  Finally,  the  reversal  of  targets  and 
dlatractors  earned  a  mrkad  decrement  in  both  speed  and  accuracy  of  performance 
for  the  CM  group.  For  the  VM  group,  the  switch  to  a  consiatent  sat  of  targets 
and  dlatractors  resulted  in  an  improvement  in  speed  and  accuracy.  All  of 
these  resulta  are  consistent  with  the  findings  of  Schneider  and  Shiffrin 
(1977;  Shiffrin  «  Schneider,  1977). 

Can  we  conclude  that  "automatization"  occurred  in  tha  CM  condition  and 
a  aerial  search  was  conducted  in  tha  VM  condition?  Tha  principle  evidence 
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(or  autowtlxatlon  is  the  absence  of  a  memory  set  else  effect.  However,  even 
on  Day  4  there  was  still  a  difference  of  26  wee  In  RT  between  the  two  neaory 
set  sixes.  Is  this  difference  sufficiently  swll  to  justify  the  conclusion 
that  detection  was  automatic?  Actually,  this  result  is  consistent  with  data 
obtained  in  visual  search  studies.  Schneider  and  Shlffrln  found  snail 
differences  in  RT  between  neaory  set  sixes  of  one  and  four  (1977,  Experiments 
1  and  2)  using  digits  as  targets  and  letters  as  dls tractors.  Larger  effects 
of  neaory  set  size  have  been  obtained  when  targets  and  dlstractors  are  drawn 
froa  the  sane  categories.  For  exanple,  in  our  laboratory  we  found  effects  of 
fraae  size  and  memory  set  size  in  a  CM  condition  after  12  days  of  practice 
at  visual  search  for  target  letters  among  dlstractor  letters  (Yantis,  Hunt, 

&  Wright,  Note  1).  Thus,  the  effects  of  memory  set  size  are  comparable  in 
auditory  and  visual  CM  conditions. 

Perhaps,  the  critical  observation  is  that  the  effect  of  neaory  set  size 
decreased  steadily  for  the  CM  condition,  but  renained  relatively  constant  in 
the  VM  condition.  This  observation  suggests  that  changes  in  the  detection 
process  are  reducing  the  effect  of  memory  set  size.  Finally,  the  performance 
deficits  observed  when  the  target  and  dlstractor  sets  were  switched  indicate 
that  the  developing  detection  process  is  dependent  on  a  fixad  target  and/or 
dlstractor  set.  Taken  together,  these  results  suggest  that  autowtic 
attentions!  responses  to  the  target  stimuli  were  developing. 
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He  conclude  that  the  diatlnctlon  between  CM  and  VM  is  an  important 
determinant  of  the  apeed  and  accuracy  of  responses  to  auditory  stimuli.  In 
light  of  the  CM-VM  distinction,  it  is  Interesting  to  review  the  literature 
oq  auditory  detection.  In  most  of  this  research,  targets  were  drawn  from 
one  class  of  stimuli  and  distractors  were  drawn  from  another.  Most  commonly, 
targets  were  digits  and  distractors  were  letters  or  vice  versa.  Thus,  these 
experiments  Involved  CM  conditions  in  which  target  and  distractor  sets 
corresponded  to  well-learned  categories.  However,  the  amount  of  practice 
provided  to  subjects  has  varied  widely.  For  example,  in  an  experiment 
reported  by  Ostry,  Moray,  and  Marks  (1976,  Experiment  1)  subjects  responded 
to  the  same  target  set  for  ten  1-hour  sessions.  In  contrast,  Ninio  and 
Kahneman  (1974)  conducted  only  45  trials  per  subject. 

If  CM  conditions  encourage  development  of  automatic  attentional  responses 
to  auditory  stimuli,  then  the  results  obtained  from  CM  studies  of  auditory 
detection  should  be  crucially  dependent  on  the  amount  of  practice  subjects 
received.  A  review  of  the  literature  suggests  that  those  researchers  whose 
subjects  received  extensive  practice  emphasise  the  efficiency  of  time-sharing 
between  the  ears,  while  those  researchers  whose  subjects  received  little 
practice  emphasize  deficits  in  dlchotlc  as  compared  to  single-channel  conditions. 

Moray  (1975)  reviewed  a  number  of  studies  of  auditory  detection  in  which 
subjects  received  extensive  practice  (often  over  40  hours)  under  CM  conditions. 
For  the  divided-attention  conditions,  Moray  computed  accuracy  in  detecting  a 
signal  in  one  channel  conditional  upon  the  response  to  the  signal  in  the 
other  channel.  Accuracy  conditional  upon  a  correct  rejection  was  equal  to 
accuracy  in  either  single-channel  or  selective-attention  conditions.  This 
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raault  indicates  that  after  sufficient  practice  subjects  can  respond  with 
equal  accuracy  while  attending  to  one  or  two  channels,  as  long  as  they  are 
not  required  to  respond  to  targets  In  both  channels  at  once.  "Frame  size" 
does  not  affect  accuracy  under  these  conditions.  However,  accuracy  condition- 
al  upon  a  hit  or  a  false  alarm  was  low,  indicating  that  detection  of  a 
target  is  Impaired  by  simultaneous  perception  of  a  target  in  the  other 
channel.  This  result  also  seems  consistent  with  the  notion  of  an  automatic 
attentional  response.  If  one  or  more  targets  elicit  a  single  attentional 
response,  then  simultaneous  presentations  of  two  targets  may  often  pass  un¬ 
noticed. 

With  less  practiced  subjects,  Treisman  and  Fearnley  (1971)  found  effects 
of  both  memory  set  size  and  frame  size  on  RT  to  detect  an  auditory  stimulus. 
These  researchers  measured  the  time  to  decide  whether  an  auditorily  presented 
stimulus  or  pair  of  stimuli  contained  a -digit.  They  varied  frame  size  by 
presenting  either  one  or  two  stimuli  at  a  time,  and  varied  memory  set  size 
by  either  cuing  which  digit  might  occur  (memory  set  size  one)  or  providing 
no  cue  (memory  set  size  ten).  Subjects  received  240  trials  on  each  of  four 
days  in  this  task.  Treisman  and  Fearnley  reasoned  that  if  subjects  used  a 
serial  search  to  compare  each  member  of  the  target  set  to  each  of  the 
stimuli,  then  the  difference  between  cued  and  uncued  conditions  should  be 
much  greater  when  stimuli  were  presented  in  pairs  then  when  they  were  pre¬ 
sented  singly.  Although  they  found  a  difference  between  cued  and  uncued 
conditions,  this  difference  was  about  equal  for  pairs  and  single  stimuli,  in 
clear  contradiction  to  a  serial  search  model.  However,  the  effectiveness  of 
the  cue  is  evidence  against  automatic  target  detection,  so  neither  model 
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appears  coap lately  correct. 

Finally,  va  turn  to  an  experiment  in  which  very  little  practice  was 
provided.  Nlnlo  and  Kahneman  (1974)  Manured  RT  and  accuracy  In  detecting 
an  anlnal  naae  eab added  In  a  presentation  of  ten  conm  words  or  pairs  of 
words.  Bach  subject  participated  In  only  45  trials.  Nlnlo  and  Kahneaan 
coapared  performance  in  a  divided-attention  condition,  where  pairs  of  words 
were  presented  dichotlcally,  to  performance  In  a  single-channel  condition, 
where  words  were  presented  to  one  ear  only.  They  found  that  both  accuracy 
and  speed  were  greater  in  the  single-channel  than  the  divided-attention 
conditions,  in  contrast  to  the  findings  reviewed  by  Moray  (1975).  Apparently 
subjects  were  unable  to  develop  automatic  attentional  responses  in  45  trials, 
despite  the  consistent  mapping  of  targets  and  responses. 

In  no  previous  studies  of  auditory  detection  has  the  possible  set  of 
target  iteM  changed  from  trial  to  trial.  In  all  cases,  targets  have  been 
drawn  from  one  category  and  dlstractors  from  another.  We  are  arguing  that 
under  these  CM  conditions,  the  effects  of  fraM  size  and  memory  set  size 
depend  on  the  amount  of  practice  the  subject  receives.  Experiment  1  demon¬ 
strated  that  the  effect  of  memory  set  size  diminishes  with  practice,  and 
previous  research  suggests  that  the  fraM  size  effect  behaves  similarly.  In 
the  studies  Moray  reviewed,  where  subjects  had  extensive  practice,  there  was 
no  effect  of  frame  size.  In  the  Trelsman  and  Fearnley  study,  where  subjects 
received  a  moderate  amount  of  practice,  there  were  effects  of  both  fraM 
size  and  Mmory  set  size,  but  the  effects  were  SMller  than  would  be  pre¬ 
dicted  by  a  serial  search  model.  Possibly,  the  detection  process  was 
partially  automated.  Nlnlo  and  Kahneman,  whose  subjects  received  very 
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Uttla  practice,  found  a  large  effect  of  fraae  else. 

EXPERIMENT  2 

Now  we  turn  to  an  examination  of  the  effects  of  fraae  sice  under  VM 
conditions.  Subjects  should  be  unable  to  develop  automatic  attentlonal 
responses  to  targets  under  VM  conditions.  Schneider  &  Shlffrin  (1977)  con¬ 
cluded  that  in  VM  conditions  targets  are  detected  by  naans  of  a  serial,  self-termin¬ 
ating  search.  They  found  that  errors  and  RT  increased  when  fraae  size  in¬ 
creased  under  VM  conditions.  However,  when  subjects  were  Instructed  to 
attend  to  specific  locations,  perforaance  was  relatively  unaffected  by  the 
presence  or  absence  of  dlstractors  in  the  unattended  locations  (Shlffrin  & 

Schneider,  1977,  Experiment  4).  Apparently,  subjects  can  control  the  locations 
examined  by  the  serial  search  process.  Hence,  an  Increase  in  frame  size 
affects  visual  search  perforaance  only  if  more  locations  must  be  searched  or, 
equivalently,  attention. is  divided  among  more  locations. 

Continuing  the  analogy  between  visual  search  and  auditory  detection,  we 
expect  dichotic  stimulation  to  produce  decrements  in  performance,  compared 
to  a  single-channel  condition,  when  attention  is  divided  between  the  two  . 
aeseages,  but  little  or  no  decrement  when  attention  is  focused  on  one  message. 

To  examine  these  hypotheses,  in  Experiment  2  auditory  target  detection  was 
conducted  in  three  conditions:  (a)  pairs  of  letters  were  presented  dlchotically 
and  targets  were  presented  equally  often  to  both  ears  (divided-attention 
condition);  (b)  pairs  of  latters  wars  presented  dlchotically  and  targets 
were  presented  only  to  the  attended  ear  (aalectlve-attentlon  condition);  and 
(c)  aingla  letters,  including  targets,  were  presented  only  to  one  ear  (single- 
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channel  condition). 

A  recurrent  thene  in  this  research  has  been  to  derive  and  test  pre¬ 
dictions  regarding  auditory  target  detection  froa  research  on  visual  search. 

•  However,  it  is  clear  that  there  are  major  differences  between  the  two 
paradigm,  as  noted  earlier.  Thus  Experiment  3  matched  all  the  conditions 
of  Experiment  2  as  closely  as  possible,  but  with  visual  stimuli,  in  order 
to  examine  visual  frame  size  effects.  Taken  together.  Experiments  2  and 
3  permit  direct  comparisons  of  auditory  and  visual  frame  size  effects. 

In  fact,  these  experimnts  were  conducted  with  the  same  subjects  and  can 
be  thought  of  as  a  single  experiment;  they  are  separated  only  for 
expository  ease. 

The  most  interesting  comparisons  provided  by  Experimnts  2  and 
3  are  of  individual  difference  in  performance.  A  common  assumption  in 
the  applied  literature  is  that  a  time-sharing  ability  exists  which 
influences  performance  with  both  auditory  and  visual  stimuli  in  a 
wide  range  of  tasks.  However,  recent  empirical  evidence  falls  to 
support  this  assumption  (eg.,  Hawkins,  Rodriguez,  &  Reichcr,  Note  2). 

Since  the  same  subjects  participated  in  both  experiments,  it  was 
possible  to  ask  whether  a  divided-attention  ability  affects  target 
detection  in  both  modalities  by  comparing  individual  abilities  to 
cope  with  Increases  in  stimulus  load. 
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Method 

Subjects 

Eighty- five  subjects,  ranging  In  age  fro*  18  to  60  participated  in 
*Hie  study.  They  vara  recruited  through  an  ad  in  the  University  of  Wash¬ 
ington  newspaper,  and  were  paid  $4.50  per  1  %-hour  session  for  three 
sessions.  Ths  sane  subjects  participated  in  Experiments  2  and  3. 

Stimuli 

Three  stimulus  tapes  were  constructed  in  a  Banner  similar  to  that  re¬ 
ported  for  Experiaent  1.  On  each  tape  there  were  12  blocks  of  trials  com¬ 
posed  of  four  blocks  in  each  of  the  three  conditions:  single  channel,  select¬ 
ive  attention,  and  divided  attention.  The  first  six  blocks  on  each  tape 
included  two  consecutive  blocks  for  each  condition.  For  single-channel  and 
selective-attention  conditions,  subjects  attended  the  right  ear  for  one  of 
the  two  consecutive  blocks  and  the  left  ear  for  the  other.  The  last  six 
blocks  reversed  the  order  of  the  first  six  blocks.  The  order  of  conditions 
was  counterbalanced  according  to  a  latln  square  over  the  three  tapes. 

The  letter  set  for  Experiment  2  was  (A,  B,  G,  B,  I,  J,  K,  L,  R,  T,  U, 

T).  Each  letter  was  a  target  in  one  block  of  each  tape  and  a  dlstractor  in 
the  reaainlng  11  blocks.  In  addition,  each  latter  was  a  target  once  in 
each  condition  over  the  three  tapes. 

In  each  block,  a  total  of  150  letters  or  latter  pairs  were  presented. 
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An  In  Experiment  1,  20  targets  were  presented  In  each  block.  The  spacing 
between  targets  was  the  sane  as  In  Experlaent  1.  Thus,  two  targets  never 
occurred  simultaneously.  Dlstractors  were  selected  randomly  from  the  re¬ 
maining  11  letters. 

Procedure 

As  In  Experiment  1,  subjects  were  instructed  to  listen  for  target  letters 
and  press  a  key  whenever  one  occurred.  However,  subjects  were  asked  to  listen 
for  only  one  target  letter  in  each  of  the  12  blocks  presented  in  a  session. 

At  the  beginning  of  each  block  an  auditory  message  instructed  the  subject  to 
listen  for  a  particular  letter  in  the  attended  ear  or  in  either  ear.  As  a 
reminder,  the  target  letter  also  was  presented  on  one  or  both  sides  of  an 
oscilloscope  screen. 

Subjects  listened  to  a  different  tape  in  each  session,  and  the  order 
of  the  tapes  was  the  same  for  all  subjects.  These  procedures  were  followed 
to  avoid  confounding  order  effects  with  individual  differences. 

Results  and  Discussion 

Scoring  Responses 

A  response  was  scored  as  a  hit  if  it  occurred  during  a  window  beginning 
ISO  msec  end  ending  1500  msec  after  the  target  onset.  All  other  responses 
were  categorized  as  false  alarms,  and  a  miss  was  counted  for  every  target 
without  a  hit  response.  In  calculating  mean  RTs,  those  hit  responses  were 
omitted  which  exceeded  the  mean  RT  plus  three  standard  deviations  for  that 
subject  in  that  condition. 

Three  subjects  missed  more  than  25X  of  the  targets  in  the  single-channel 
condition  and  were  excluded  from  all  further  analyses.  In  addition,  computer 
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problem  resulted  in  the  lose  of  data  from  11  subjects  on  Day  1  and  10 
subjects  on  Day  2.  Three  subjects  quit  the  study  after  Day  2.  Means  and 
analyses  of  variance  were  computed  from  the  data  of  the  remining  58  subjects. 
Reaction  Times 

Table  1  shows  mean  RT  for  single-channel,  selective-attention,  and 
divided-attention  conditions  for  each  day  and  averaged  over  days.  It  should 
be  noted  that  day  was  confounded  with  target  letter  in  this  experiment,  since 
a  particular  letter  served  as  a  target  in  a  particular  condition  on  only  one 
day.  Thus,  all  the  variability  over  days  my  be  due  to  the  confusibility 
of  particular  target  and  distractor  letters.  For  example,  this  confounding 
probably  accounts  for  exceptionally  long  RTs  in  the  divided-attention  condition 
on  Day  2,  since  "A"  was  a  target  in  that  condition  on  that  day,  and  tended  to 
fuse  with  "J"  or  "K"  on  the  other  channel. 

As  expected,  mean  RT  was  much  longer  in  the  divided-attention  condition 
than  the  single-channel  condition.  However,  man  RT  also  was  longer  in  the 
selective-attention  condition  than  the  single-channel  condition,  though  not 
as  long  as  in  the  divided-attention  condition.  An  ANOVA  confirmed  these 
observations.  The  effects  of  days,  conditions,  and  the  interaction  were 
all  highly  significant,  F(2,114)  -  28,  F(2,  114)  -  569,  and  F(4,  228)  -  75, 
respectively,  £<  .001.  Furthermore,  paired  comparisons  using  Duncan’s 
Multiple  Range  Test  showed  that  all  three  conditions  were  significantly 
different  from  one  another,  £  <.001. 

Thus,  an  Increase  in  frame  size  causes  an  increase  in  RT  for  auditory 
target  detection  when  attention  is  divided  between  stimulus  channels.  Sur¬ 
prisingly,  RT  also  increases  when  attention  is  focused  on  a  single  channel. 
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Should  we  conclude  that  auditory  stlaull  do  not  permit  effective  control  of 
the  locations  to  be  searched?  An  alternative  explanation  is  that  simultaneous 
presentation  of  two  auditory  stimuli  Interferes  with  the  processes  required 
for  stimulus  identification.  Such  a  masking  effect  could  increase  the  time 
required  to  identify  the  stimuli  in  each  channel. 

Accuracy 

The  percent  of  misses  and  false  alarms  are  shown  in  Table  2  for  each 
condition  and  each  day.  For  both  kinds  of  errors  the  results  parallel  the 
RT  results.  The  most  errors  of  both  kinds  occurred  in  the  divided-attention 
condition  and  the  fewest  errors  occurred  in  the  single-channel  condition. 
Separate  ANOVAs  for  false  alarms  and  misses  confirmed  these  observations. 

For  misses,  the  main  effects  of  days,  conditions,  and  their  Interaction 
were  all  highly  significant,  £(2,  114)  »  32,  F(2,  114)  -  311,  and  £(4,  228) 

-  35,  respectively,  £<.001,  and  all  pairs  of  condition  means  were  significantly 
different  from  one  another,  £<.001.  For  false  alarms,  the  main  effects  of 
days  and  conditions  were  highly  significant,  £(2,  114)  ■  10.2,  and  F(2,  114) 

-  53,  respectively,  £<.001.  The  Days  X  Conditions  Interaction  was  margin¬ 


ally  significant  F(4,  228)  *  2.7,  £<.05.  All  pairs  of  condition  means  were 
significantly  different  from  one  another,  £<.01. 
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EXPERIMENT  3 

Experiments  2  and  3  were  the  same  in  nearly  all  respects  except 
for  stimulus  aodallty  and  rate  of  presentation.  Thus,  the  saw  pre¬ 
dictions  hold  for  Experiment  3  as  for  Experiment  2.  Presentation  of 
two  stlmultaneous  stimuli  was  expected  to  produce  a  performance  decre¬ 
ment  when  attention  was  divided  between  the  stimuli.  However ,  little 
or  no  decrement  was  expected  when  attention  was  focused  on  one  stimulus 
location. 

If  an  ability  to  divide  attention  is  an  important  source  of 
variability  between  subjects,  then  the  correlation  between  single¬ 
channel  and  divided-attention  conditions  In  each  experiment  should  be 
substantially  less  than  the  reliabilities  of  those  measures.  An 
ability  to  divide  attention  also  might  produce  a  higher  correlation 
between  the  auditory  and  visual  divided-attention  conditions  than 
between  the  auditory  divided-attention  condition  and  the  visual 
selective-attention  condition. 

Method 

The  method  for  Experiment  3  was  essentially  the  same  as  for  Experiment 
2  except  that  visual  rather  than  auditory  stimuli  were  used.  In  the 
single-channel  condition,  single  letters  were  presented  to  either  the  right  or 
left  of  the  center  of  a  computer-controlled  oscilloscope.  Within  a  block  the 
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position  of  presentation  was  constant.  In  the  selective-  and  divided-attention 
conditions,  pairs  of  letters  were  presented  simultaneously  to  the  right  and 
left  of  the  center.  Letters  vere  defined  on  7  x  7  dot  matrices,  4.38  mm  square 
and  1.23  mm  apart.  Viewed  from  a  distance  of  40  to  70  cm,  a  letter  pair  pro¬ 
jected  a  visual  angle  of  .8  to  1.4  degrees. 

Order  of  presentation  of  conditions  and  stimuli  within  conditions  duplicated 
that  of  Experiment  2.  In  pilot  experiments,  we  found  that  this  task  was 
trivially  easy  when  stimuli  were  presented  at  the  rate  of  one  letter  or  letter 
pair  every  700  msec  used  in  Experiments  1  and  2.  Therefore,  stimuli  were  pre¬ 
sented  at  a  rate  of  one  letter  or  letter  pair  every  400  msec. 

Results  and  Discussion 

Due  to  computer  failures  part  of  the  data  were  lost  for  one  subject  on  Day  1, 
and  all  the  data  were  lost  for  four  subjects  on  Day  3.  In  addition,  three 
subjects  did  not  return  for  Day  3  of  the  experiment.  Means  and  ANOVAs  were 
computed  from  the  data  of  the  remaining  77  subjects. 

Reaction  Times 

The  mean  RT  for  the  single-channel,  selective-attention,  and  divided- 
attention  conditions  are  presented  in  Table  3  for  each  day.  As  in  Experiment 
2,  day  was  confounded  with  target  letter,  and  is  included  in  the  analysis  to 
control  for  the  combined  effects  of  day  and  targets. 

Aa  in  Experiment  2,  mean  RT  was  longest  for  the  divided-attention  con¬ 
dition  and  shortest  for  the  single-channel  condition.  An  AHOVA  confirmed 
that  the  three  conditions  were  all  different  from  one  another.  The  effect  of 
days,  conditions,  and  the  interaction  were  all  significant,  F(2,  152)  *4.7, 
£<.01,  F(2,  152)  -  136,  £<.001,  and  F(4  ,  304)  -  21,  £<.001,  respectively. 


Auto— tic  and  Controlled 


26 


Further— re,  paired  cooparlso—  showed  that  all  throa  conditions  vara 
significantly  different  froa  one  another,  £<.001. 

Aa  la  the  auditory  modality,  an  increase  in  visual  fra—  size  causes  an  increase 
.in  RT  for  visual  target  detection.  The  increase  in  IT  is  largest  if  attention 
—at  be  divided  between  stimulus  locations,  but  occurs  even  when  attention 
is  focused  on  a  single  channel.  Again,  it  is  unclear  whether  the  performance 
deers— nt  in  the  selective-attention  condition  is  due  to  ineffective  control 
of  a— rch  location  or  lateral  — eking.  The  principal  difference  between 
the  results  of  Experiments  2  and  3  is  the  size  of  the  effects.  The  mean  RT 
was  156  — ec  longer  in  the  divided-attention  condition  than  the  single-channel 
condition  in  Experiment  2,  but  only  29  — ec  longer  in  Experi— nt  3. 

Accuracy 

The  percent  of  misses  and  false  alar—  are  shown  in  Table  4  for  each 
condition  on  each  day.  Both  error  rates  were  — ch  lower  in  Experl— nt  3 
than  in  Experiment  2.  Further— re,  the  error  rat—  did  not  display  the  sa— 
co— latent  pattern  observed  in  the  RT  results  for  both  experiments  ana  in  the 
error  rates  for  Experiment  2.  Again,  the  error  rates  —re  largest  in  the 
divided-attention  condition.  However,  the  dlfferenc—  between  the  single- 
chan— 1  and  selective-attention  condition  —re  small.  Separata  ANOVAs  for 
misses  and  false  alar—  conflr— d  thesa  observations. 

For  misses,  the  effect  of  condition  w—  highly  significant,  F(2,152)  * 

9.0,  £<.001.  However,  the  affect  of  days  w—  nonsignificant ,  F<1,  and 
the  interaction  was  — rglna lly  significant,  F(4,  304)  -  2.4,  £<.03.  Paired 
comparisons  showed  that  miss  rata  —a  higher  in  the  divided-attention  con¬ 
dition  than  either  the  single-chan— 1  or  selective-attention  conditio—,  £<.0S. 
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Ho— r,  ulss  rot—  for  tho  single-channel  and  selectlve-att— tioo  condition 
— ra  not  significantly  differ— t  fro*  —a  another. 

for  falsa  alar—,  only  the  affect  of  condition  was  significant,  F(2,  152) 

■  4*3,  £<*05.  Again,  paired  coaparisons  showed  that  falsa  alaru  rata  was 
higher  in  the  divided-attention  condition  than  either  the  single-channel  or 
selective-attention  condition,  £<*05,  but  the  differ— ce  betve—  the  single¬ 
channel  — d  selective-attention  conditions  was  nonsignificant. 

CORRELATIONAL  ANALYSES 

Correlational  analyses  were  based  —  —an  RTa  averaged  over  the  three 
days  of  —  ch  condition  in  Experiments  2  — d  3.  Data  for  82  subjects  were 
used  in  these  analyses.  Three  subjects  who  uissed  —re  than  25Z  of  the 
auditory  targets  in  the  single-channel  condition  were  oaltted  from  the  analysis 
for  both  visual  and  auditory  data.  For  24  subjects,  data  were  lost  on  one 
day  of  one  of  the  experi— nts  due  to  computer  failure  or  attrition.  For 
these  subjects  means  in  — ch  condition  were  estimated  on  the  basis  of  the 
data  from  the  remaining  two  days.  These  estimates  were  derived  using  least- 
squares  regression  constants  derived  from  the  58  subjects  with  complete  data 
for  all  three  days.  The  estl— t—  can  be  assumed  to  be  quite  accurate,  since 
the  correlation  between  the  3-day  me—  and  an y  glv—  2-day  me—  was  gr— ter 
than  .96  for  all  measures. 

The  correlation  matrix  for  me—  RTs  in  Experiments  2  and  3  la  shown  in 
Table  5,  with  reliabilities  In  the  dingo— 1.  The  most  —table  characteristic 
of  this  — trlx  is  that  the  correlations  among  the  three  neaeures  obtained 
with  the  same  stimulus  modality  are  extra— ly  high,  exceeding  .88  in  every 
an—.  RTs  in  the  selectlve-att— tion  and  dlvided-att— tl—  conditio—  were 
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ilaNt  perfectly  predicted  by  ST  in  the  single-channel  condition.  These 
correlations  suggest  that  all  three  conditions  require  coaeon  processes 
that  are  core  important  In  determining  Individual  performance  than  processes 
specific  to  any  one  condition.  Foe  example,  although  ST  In  the  divided-attention 
'condition  of  Experiment  2  was  156  msec  longer  than  ST  in  the  single-channel 
condition,  the  ordering  of  individuals  based  on  ST  was  very  similar  In  the 
two  conditions. 

On  the  other  hand,  correlations  between  auditory  and  visual  RT  measures 
were  much  lower,  ranging  between  .54  and  .60.  If  an  ability  to  divide 
attention  is  an  Important  determinant  of  RT,  then  correlations  between 
auditory  and  visual  RTs  in  the  divided-attention  condition  should  be  higher 
than  other  correlations  across  modalities.  However,  correlations  between 
auditory  and  visual  RTs  were  approximately  equal  for  all  pairs  of  conditions. 

For  example,  the  correlation  between  RTs  in  the  two  divided-attention  con¬ 
ditions  (.55)  was  about  equal  to  the  correlations  between  RTs  in  the  visual 
divided-attention  and  auditory  single-channel  conditions  (.54)  and  in  the 
auditory  divided-attention  and  visual  single-channel  conditions  (.58).  Thus, 
there  is  little  evidence  that  a  general  ability  to  divide  or  focus  attention 
significantly  influences  the  relationships  between  performance  on  tasks  in 
the  two  modalities. 

These  observations  suggest  that  individual  differences  in  the  RT  data 
could  be  explained  by  two  ability  factors,  one  determining  RTs  in  the  three 
auditory  conditions  and  the  other  determining  RTs  In  die  three  visual  con¬ 
ditions.  This  nodal  was  tested  using  maximal  likelihood  methods  of  con¬ 
firmatory  factor  analysis  (Joreskog,  1973).  The  marl mam 


'likelihood  solution 
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okUload  using  the  L1SREL  IV  prograa,  is  shorn  in  Figure  4.  A  two  factor 
nodel  fit  the  data  quite  well.  The  correlation  between  the  auditory  and 
visual  factors  was  .61.  Deviations  frou  the  nodal  were  statistically  in¬ 
significant,  chi* (8)  ■  10.18,  £<.25. 

Since  there  were  only  six  IT  aeasures,  it  was  laposslble  to  test  a 
nodal  in  which  there  were  separate  factors  for  the  single-channel,  selective- 
attention,  and  divided-attention  conditions  in  addition  to  the  auditory  and 
visual  factors.  However,  the  two  factor  nodal  fit  the  data  so  well  that 
additional  factors  are  clearly  not  required.  Instead,  a  nodal  with  only 
one  factor  was  tested  to  exaalae  whether  even  two  factors  were  required. 

2 

Deviations  from  the  one-factor  nodal  were  statistically  significant,  chi  (9)  ■ 

232,  £<.001.  The  two- factor  nodal  accounted  for  the  data  significantly 

2 

better  than  the  one-factor  nodel,  chi  (1)  »  222,  £<.001. 

The  factor  analyses  of  the  RT  aeasures  supported  conclusions  based  on 
examination  of  the  correlation  aatrlx  Itself:  Individual  differences  in 
ability  to  divided  or  focus  attention  are  relatively  uninportsnt  in  deter- 
atnlng  performance  on  these  auditory  and  visual  detection  tasks.  However, 
it  is  useful  to  distinguish  between  speed  of  processing  auditory  and  visual 
stlaull. 

GENERAL  DISCUSSION 

Coaparlsons  of  Experiments  1  and  2  with  Experiments  3  and  with  research 
on  visual  search  (e.g. ,  Schneider  6  Shlffrln,  1977)  reveal  reaarkable 
similarities;  reaarkable  because  of  the  gross  differences  between  auditory 
and  visual  stlaull.  Consider  the  CM  condition  of  Experlasnt  1.  Subjects 
in  the  CM  condition  were  both  accurate  and  fast,  and  the  effect  of  aaaory 
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eat  also  on  accuracy  and  RT  declined  ateadlly  and  rapidly.  When  the  target 
and  dlatractor  aeta  ware  switched,  mean  RT,  the  effect  of  aenory  set  alee, 
alas  rate,  and  false  alarm  ratas  all  Increased  to  levels  higher  than  at  the 
beginning  of  the  experiment .  These  observations  all  parallel  results  ob¬ 
tained  by  Schneider  and  Shiffrln  (1977;  Shiffrln  &  Schneider,  1977). 

Schneider  and  Shiffrln  attributed  these  results  to  development  of  an 
automatic  attentlonal  response  that  Is  activated  when  a  target  is  presented. 

As  target  responses  become  automated  fewer  controlled  cos|>arisons  are  re¬ 
quired  between  stimuli  and  members  of  the  target  set,  thereby  reducing  the 
effect  of  memory  set  size.  Uhen  target  and  dlatractor  sets  are  switched, 
automatic  responses  to  dlstractors  Interfere  with  detection  of  the  new 
targets.  In  addition,  inhibitory  processes  may  have  developed  that  Inter¬ 
fere  with  recognition  of  the  new  target  stimuli. 

If  automatic  attentlonal  responses  develop  in  CM  conditions  as  hypothesized, 
then  several  predictions  are  suggested  that  were  not  adequately  examined  in 
Experiment  1.  First,  with  sufficient  practice  the  effect  of  memory  set  size 
should  approach  zero  asymptotically.  In  fact,  memory  set  size  did  not  affect 
accuracy  after  the  first  session,  but  produced  a  26-msec  effect  on  RT  even 
on  the  fourth  day.  Perhaps  Experiment  1  did  not  provide  enough  practice  for 
target  responses  to  become  completely  automated.  Second,  automatic  attentlonal 
responaea  should  eliminate  any  effact  of  frame  size,  such  that  RT  and 
accuracy  for  divided-attention  are  equal  to  RT  and  accuracy  for  selectlve- 
attaotlon.  In  fact,  tha  research  reviewed  by  Moray  (197S)  aupporta  thla 
prediction.  Following  extensive  practice  under  CM  conditions,  target  detection 
wea  equally  accurate  in  single-channel ,  selective-attention,  and  divided- 
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attention  conditions.  Finally,  auto— tic  attentlonal  responses  should 
can—  false  alar—  to  targets  in  a  nonet  tended  chan— 1.  Further  research 
la  In  progress  to  test  the—  predlctlo— . 

Bow  consider  the  VM  condition  of  Experiments  1  and  2.  Certainly 
there  was  —  evidence  of  auto— tic  attentlonal  responding  In  this  con¬ 
dition.  In  Experl— nt  1,  RT  was  such  longer  and  errors  were  —re  fre¬ 
quent  in  the  VM  condition  than  In  the  CM  condition.  Further— re,  the 
effects  of  — ry  set  size  on  RT  and  accuracy  did  — t  change  with  practice. 
Experl— nt  2  confined  that  RT  and  accuracy  also  are  affected  by  fra— 
si—,  as  represented  by  single-channel,  —lective-at  tent  ion,  and  divided- 
attention  conditions.  Again,  these  ob— rvations  parallel  results  obtained 
by  Sch— ider  and  Shiffrin  (1977)  for  via— 1  s— rch  In  a  VM  condition. 
Further— re,  the  results  of  Experi— nts  2  and  3  —re  strikingly  similar, 
differing  only  in  the  magnitude  of  the  effects. 

Schneider  and  Shiffrin  (1977)  attributed  perfor— n ce  in  the  VM 
condition  to  a  controlled,  serial,  salf-tanl— ting  search  pro— as. 

The  results  of  Experl— nts  1  and  2  appear  cons  latent  with  the 
—dels  they  proposed.  According  to  th— e  —dels,  subjects  conpare  each 
po— lble  target  with  the  stl— 11,  and  respond  as  soon  —  a  target  is 
14— tilled.  In  Experl— nt  1,  RT  —a  longer  for  three  targets  th—  for  one 
target  bees— e  the  —an  nuaber  of  coaparlsons  conducted  for  each  stimulus 
pair  containing  a  target  w—  1.5  for  one  target  and  3.5  for  throe  targets, 
la  Experiment  2,  RT  was  1— gar  for  divlded-attantion  th—  for  salactlve- 
att— tlon  because  1.5  coapari— ns  were  conducted  1— teed  of  one.  The 
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estimated  tine  for  a  comparison  according  to  theae  aodala  la  about  55  nsec 
for  Experiment  1  and  180  nsec  for  Experiment  2. 

The  mean  within- sub j ec t  variabilities  In  RT  also  are  consistent  with 
‘the  serial,  self- terminating  models.  RT  should  be  more  variable  for  three 
targets  than  for  one  target,  and  more  variable  for  divided-attention  than 
for  selective-attention.  Increasing  the  channels  or  targets  Increases  the 
maximum  number  of  coi^arisons  required  for  target  detection,  but  does  not 
affect  the  minimum  number  of  comparisons.  For  example.  In  the  divided- 
attention  condition  of  Experiment  2  the  target  should  be  detected  as  a  re¬ 
sult  of  the  first  comparison  on  half  the  trials  and  the  second  comparison 
on  the  remaining  trials.  In  Experiment  1,  the  mean  standard  deviations  of 
RT  in  the  VM  condition  were  189  msec  for  one  target  and  231  msec  for  three 
targets.  In  Experiment  2,  the  mean  standard  deviations  were  130,  148,  and  202 
msec  for  the  single-channel,  selective-attention,  and  divided-attention 
conditions,  respectively.  Thus,  increasing  the  number  of  channels  or 
targets  increased  the  variability,  as  required  by  serial,  self-terminating 
models. 

Although  the  serial,  self-terminating  models  provide  an  adequate 
qualitative  description  of  the  results,  other  search  models  cannot  be 
eliminated  by  these  data.  An  laportant  prediction  of  serial  models  is  that 
nanory  set  else  and  frame  size  affect  performance  equivalently.  The 
prediction  is  being  tested  by  research  in  progress. 


Auto— tic  and  Controlled 

33 

In  addition  to  the  siailaritlaa  already  noted  between  the  auditory  and 
visual  tasks,  comparisons  of  Experi— nta  2  and  3  reveal  so—  important 
differ— c—  between  search  procea a—  In  the  two  —  dalltles.  First,  the 
differ— ces  in  RT  — d  accuracy  between  the  single-channel  and  select ive- 
*  att— tlon  conditions  suggest  that  —  un att— ded  atiuulus  causes  greater 
Interference  in  audition  than  vision.  In  Experi— nt  3  (visual  — dality) 
the  —  RT  for  selectlve-att— tion  was  8  me  longer  th—  for  the  single- 
channel  condition.  The  aiss  — d  false  elans  rates  were  not  significantly  - 
differ— t  for  the  two  conditions.  In  contrast,  in  Experi— nt  2  the  —an  RT 
waa  65  — ec  longer  for  selective-attention  th—  for  the  single-chan nel 
condition,  — d  error  rates  were  signiflc— tly  higher  in  the  selectlve- 
att— tion  condition.  These  results  are  consist— t  with  subjective  impress¬ 
ions  and  experi— ntal  evidence  that  simultaneously  presented  auditory  stimuli 
t— d  to  fuse  (e.g. ,  Poltrock  &  Hunt,  1977),  where—  simultaneous  visual  in¬ 
puts  do  not.  Perhaps  the  visual  counterpart  to  dlchotlc  letter  pairs  would 
be  two  letters  superimposed  in  the  sa—  visual  location . 

In  previous  studies  of  auditory  target  detection ,  perform— ce  in 
divided-attention  conditions  has  be—  compared  to  perform— ce  in  both  single- 
channel  and  selective-attention  conditions.  If  the  purpose  is  to  study  the  . 
subject's  ability  to  divide  att— tion  betwe—  two  locations ,  then  the  —re 
appropriate  comparison  is  with  the  selectlve-att— tion  condition,  since 
difficulties  due  to  fusion  and  — aking  should  be  equal  in  these  con dltlon s. 
■ere,  —  in  the  coaparlson  between  single-channel  and  selective-attention 
conditions,  the  differences  were  — ch  gr— ter  for  auditory  th—  visual  stimuli. 
In  Ixperlm— t  2  (auditory  sti— 11),  the  difference  in  RT  between  selective- 
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and  divided-attention  conditions  vas  91  nsec.  In  Experiment  3,  the 
difference  was  only  21  nsec.  The  additional  processes  required  to  compare 
a  single  target  letter  to  two,  as  compared  to  one,  stimulus  items  take  much 
more  time  in  the  auditory  than  the  visual  modality.  There  was  also  a  much 
greater  increase  in  miss  rate  from  selective-  to  divided-attention  conditions 
for  Experiment  2  than  for  Experiment  3. 

It  is  interesting  to  note  that  the  difference  between  RTs  to  visual 
and  auditory  stimuli  in  the  single-channel  conditions  vas  only  49  msec,  al¬ 
though  the  duration  of  the  auditory  stimuli  was  over  300  msec  and  RT  was 
measured  from  stimulus  onset.  This  small  difference  in  RTs  suggests  that 
subjects  identified  the  auditory  stimulus  on  the  basis  of  a  small  temporal 
segment.  However,  a  much  slower  presentation  rate  was  required  for  the 
auditory  stimuli,  suggesting  the  existence  of  an  auditory  refractory  period 
following  stimulus  identification. 

The  correlational  relationships  among  the  RT  measures  of  Experiments 
2  and  3  provide  an  interesting  counterpart  to  the  nomothetic  results.  These 
correlations  suggest  that  performance  is  not  determined  or  influenced  sig¬ 
nificantly  by  an  ability  to  divide  attention  between  two  stimulus  channels. 
Rather,  there  appear  to  be  separate,  though  correlated,  abilities  to  detect 
visual  targets  and  auditory  targets.  Performance  in  the  divided-attention 
conditions  were  nearly  perfectly  predicted  by  performance  in  the  associated 
single-channel  conditions.  Actually,  these  are  the  results  one  would  expect 
if  detection  in  all  conditions  raaults  from  a  controlled  search  process. 

RT  in  each  condition  reflects  the  efficiency  of  the  search  process  in  that 
modality.  Certainly,  different  modalities  of  presentation  stay  require 
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different  search  processes  or  affect  the  efficiency  of  the  search  process, 
and  nay  Influence  people  differently.  However,  if  the  sane  search  process 
la  used  in  all  conditio—  In  the  aa—  sodality,  but  si— ly  directed  to 
different  locations,  then  the  efficiency  of  that  one  process  will  determine 
the  KT  In  ell  conditio—.  Thus,  the  correlational  and  — thetic  results 
lead  to  co— at  lb  le  conclusions. 
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Tabla  1 

Inaction  tins  to  targete  u  a  function  of  day  and  condition  in  Expari— nt  2. 


Day 


Condition 

1 

2 

3 

Naan 

Single  Channel 

489 

488 

480 

486 

Selective  Attention  582 

528 

544 

551 

Divided  Attention 

665 

685 

575 

642 
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.  Table  2 

Pare— t  of  alooas  and  falaa  alar—  aa  a  function  of  day  and  condition  In 


Condition 

1 

2 

3 

Mean 

Hisses 

Single  Channel 

4.9 

4.0 

4.5 

4.5 

Selective  Attention 

12.2 

6.3 

5.8 

8.1 

Divided  Attention 

26.3 

31.3 

16.0 

24.5 

• 

False  Alans 

Single  Channel 

.46 

.32 

.40 

.39 

Selective  Attention 

.61 

.49 

.50 

.53 

Divided  Attention 

1.10 

.91 

.68 

.90 

i*y 


Condition 

I 

2 

3 

Neon 

Single  Choimol 

437 

441 

432 

437 

Selective  Attention 

452 

438 

445 

445 

Divided  Attention 


480 


468 


450 
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Table  4 

Percent  of  nlaaoa  and  falaa  alacna  aa  a  function  of  day  and  condition  In 

Kxpariaant  3. 


d»f 

Condition  12  3  Naan 


Mlaaes 

Single  Channel 

2.2 

2.8 

2.2 

2.4 

Selective  Attention 

1.3 

1.7 

2.6 

1.9 

Divided  Attention 

3.8 

2.8 

3.0 

3.2 

False  Alans 

Single  Channel 

.16 

.28 

.24 

.22 

Selective  Attention 

.16 

.23 

.23 

.21 

Divided  Attention 

.29 

.27 

.32 

.29 
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Correlation  natrix  of 


Slagla 

Auditory  Selective 
Divided 

Single 

Vlaual  Selective 
Divided 


a 


Table  5 

% 

reaction  tines,  tuond  over  days,  for  Experlannts  2  and  3. 


Auditory _  _ Vlaual 


Slagla 

Selective 

Divided 

Single 

Selective  Divided 

.99 

.92 

.98 

.88 

.89 

.96 

.58 

.60 

.58 

.99 

.56 

.57 

.56 

.97 

.99 

.54 

.56 

.55 

.96 

.97  .99 
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figure  Captions 

Figure  1.  Mean  IT  to  targets  as  a  function  of  practice  for  consistent 
and  varied  napping  groups,  one  and  three  targets.  Experiment  1. 

,  Figure  2.  Mean  percent  nisses  as  a  function  of  practice  for  consistent 
and  varied  napping  groups,  one  and  three  targets.  Experiment  l. 

Figure  3.  Mean  percent  false  alarms  as  a  function  for  practice  for 
consistent  and  varied  napping  groupa,  one  and  three  targets.  Experiment  1. 

Figure  4.  Fit  of  the  two-factor  LISftEL  model  to  the  RT  data  fron 


Experiments  2  and  3 


RT  to  Torgets  (msec) 


IW 

_l _ I _ l 


12  3  4 

DAY 


5 


6 


*  Varied  Mapping,  3  Targe 

*  Varied  Mapping,  I  Targe 

*  Consistent  Mapping,  3  T< 

*  Consistent  Mapping,  I  Tc 


Percent  Folse  Alarms 
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Snlthsonian  Institution 
801  North  Pitt  Straat 
Alaxandrla,  VA  2231 A 

1  Dr.  Frank  Withrow 

U.  S.  Office  of  Education 
A00  Maryland  Ava.  SW 
Washington,  DC  20202 

1  Dr.  Joseph  L.  Young,  Director 
Manor y  A  Cognitive  Processes 
National  Solanos  Foundation 
Washington,  DC  20550 


Non  Govt 


1  Dr.  John  R.  Anderson 
Departaent  of  Psychology 
Carnegie  Mellon  University 
Pittsburgh,  PA  15213 

1  Dr.  John  Annett 

Departaent  of  Psychology 
University  of  Warwick 
Coventry  CVA  7AL 
ENGLAND 

1  DR.  MICHAEL  ATWOOD 

SCIENCE  APPLICATIONS  INSTITUTE 
AO  DENVER  TECH.  CENTER  WEST 
7935  E.  PRENTICE  AVENUE 
ENGLEWOOD,  CO  80110 

1  1  psychological  research  unit 

Dept,  of  Defense  (Aray  Office) 
Caapbell  Park  Offices 
Canberra  ACT  2600,  Australia 

1  Dr.  Alan  Baddeley 

Medical  Research  Council 

Applied  Psychology  Unit 
15  Chaucer  Road 
Caabrldge  CB2  2EF 
ENGLAND 

1  Dr.  Patricia  Baggett 
Departaent  of  Psychology 
University  of  Denver 
University  Park 
Denver,  CO  80208 

1  Dr.  Jackson  Beatty 

Departaent  of  Psychology 
University  of  California 
Los  Angeles,  CA  9002A 

1  Dr.  Isaac  Bejar 

Educational  Testing  Service 
Princeton,  NJ  08A50 

1  Dr.  Ins  Bilodeau 

Departaent  of  Psychology] 
Tulano  university 
New  Orleans,  LA  70116 


Washington/Hunt  A  Lanaman  February  9, 


Non  Govt 


1  Dr.  Nicholas  A.  Bond 
Dept,  of  Psychology 
Sacraaento  State  College 
600  Jay  Street 
Sacraaento,  CA  95819 

1  Dr.  Lyle  Bourne 

Departaent  of  Psychology 
University  of  Colorado 
Boulder,  CO  80309 

1  Dr.  Robert  Brennan 

American  College  Testing  Progress 

P.  0.  Box  168 

Iowa  City,  IA  52240 

1  Dr.  Bruce  Buchanan 

Departaent  of  Computer  Science 
Stanford  university 
Stanford,  CA  94305 

1  DR.  C.  VICTOR  BUNDERSON 
NIC AT  INC. 

UNIVERSITY  PLAZA,  SUITE  10 
1160  SO.  STATE  ST. 

OR EH,  UT  84057 

1  Dr.  Pat  Carpenter 

Departaent  of  Psychology 
Carnegie-Hellon  University 
Pittsburgh,  PA  15213 

1  Dr.  John  B.  Carroll 
Psyc hone trie  Lab 
tlhiv.  of  No.  Carolina 
Davie  Hall  013A 
Chapel  Hill,  NC  27514 

1  Charles  Hyers  Library 
Livingstone  House 
Livingstone  Bond 
Stratford 
London  E15  2LJ 
ENGLAND 

1  Dr.  Wllllaa  Chase 

Departaent  of  Psychology 
Carnegie  Hollon  University 
Pittsburgh,  PA  15213 
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Non  Govt 


1  Dr.  Kenneth  E.  Clark 

College  of  Arts  4  Sciences 
University  of  Rochester 
River  Canpus  Station 
Rochester,  NY  14627 

1  Dr.  Noman  Cliff 
Dept,  of  Psychology 
Uhiv.  of  So.  California 
University  Park 
Los  Angeles,  CA  90007 

1  Dr.  Lynn  A.  Cooper 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 

1  Dr.  Meredith  P.  Crawford 

American  Psychological  Association 
1200  17th  Street,  N.W. 

Washington,  DC  20036 

1  Dr.  Kenneth  B.  Cross 
Anaeapa  Sciences,  Inc. 

P.0.  Drawer  Q 

Santa  Barbara,  CA  93102 

1  Dr.  Ronna  Dillon 

Departaent  of  Guidance  and  Educational  P 
Southern  Illinois  university 
Carbondale,  IL  62901 

1  Dr.  foaanuel  Donchln 
Departaent  of  Psychology 
University  of  Illinois 
Chaapolgn,  IL  61820 

1  Dr.  Hubert  Dreyfus 

Departaent  of  Philosophy 
University  of  California 
Bar  Italy ,  CA  94720 

1  Dr.  Will Ian  Dunlap 

Departaent  of  Psychology 
lUlane  University 
New  Orleans,  LA  70118 
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Hon  Govt 


Hon  Govt 


1  LCOL  J.  C.  Eggenberger 

DIRECTORATE  OF  PERSOHHEL  APPLIED  RESEA RC 
HATIOHAL  DEFEHCE  HQ 
101  COLOHEL  BY  DRIVE 
OYTAHA,  CAHADA  E1A  0K2 

1  ERIC  Faclllty-Aequlaltioas 
*833  Rugby  Avanua 
Be  the  ad  a.  HD  2001* 

1  Dr.  Richard  L.  Farguaon 

Tha  laar lean  Collaga  Tsatlng  Prograi 
P.O.  Box  168 
Iowa  City,  IA  522*0 

1  Dr.  Eduln  A.  Flelahaan 

Advanced  Research  Resources  Organ. 

Suita  900 

*330  East  Hast  Highway 
Hashing ton,  DC  2001* 

1  Dr.  John  R.  Frederlksen 
Bolt  Beranek  A  He  mi  an 
50  Moulton  Street 
Caabrldge,  HA  02138 

1  Dr.  Alinda  Frieda an 

Departaent  of  Psychology 
University  of  Alberta 
Edaonton,  Alberta 
CAHADA  T6G  2E9 

1  Dr.  R.  Edward  Gelselaan 
Departaent  of  Psychology 
University  of  California 
Los  Angelas,  CA  9002* 


1  Dr.  Daniel  Gopher 

Industrial  A  Managaaent  Engineering  « 
Technlon-Israel  Institute  of  Technology 
Haifa 
ISRAEL 

1  DR.  JAMES  G.  GREEMO 
LRDC 

UH I VERS ITT  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

1  Dr.  Harold  Hawkins 

Departaent  of  Psychology 
University  of  Oregon 
Eugene  OR  97*03 

1  Dr.  Jwes  R.  Hoffoan 
Departaent  of  Psychology 
University  of  Delaware 
Hewark,  DE  19711 

1  Glenda  Greenwald,  Ed. 

"Hunan  intelligence  newsletter" 

P.  0.  Box  1163 
Blralnghaa,  Ml  *8012 

1  Dr.  Lloyd  Huaphreys 

Departaent  of  Psychology 
University  of  Illinois 
Chaapalgn,  IL  61820 

1  Library 

HuaRRO/He stern  Division 
27857  Berwick  Drive 
Carnal,  CA  93921 


1  DR.  ROBERT  GLASER 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 
PITTSBURGH,  PA  15213 

1  Dr.  Marvin  D.  dock 
217  Stone  Hall 
Cornell  University 
Ithaca,  NY  1*853 


1  Dr.  Steven  H.  Eeele 
Dept,  of  Psychology 
University  of  Oregon 
Eugene;  OR  97*03 

1  Dr.  David  Eleras 

Departaent  of  Psychology 
University  of  Arisona 
Tuscon,  AZ  85721 
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Non  Govt 


1  Dr.  Kenneth  A.  Kllvington 
Program  Officer 
Alfred  p.  Sloan  Foundation 
630  Fifth  Avenue 
Net*  York,  NY  10111 

1  Dr.  Stephen  Kosslyn 
Harvard  University 
Departs ent  of  Psychology 
33  Kirkland  Street 
Caabridge,  HA  02138 

1  Hr.  Her 1 in  Kroger 
1117  Via  Goleta 

Palos  Verdes  Estates,  CA  90270 

1  Dr.  Jill  Larkin 

Departaent  of  Psychology 
Carnegie  Hvllon  University 
Pittsburgh,  PA  15213 

1  Dr.  Alan  Leagold 
Learning  RAD  Center 
University  of  Pittsburgh 
Pittsburgh,  PA  15260 

1  Dr.  Charles  Leals 

Facultelt  Socials  We ten so happen 
Rljksuniversiteit  Groningen 
Oude  Boteringestraat 
Groningen 
NETHERUNDS 

1  Dr.  Jaaes  Luaaden 

Departaent  of  Psychology 
University  of  Western  Australia 
Ned land a  W.A.  6009 
AUSTRALIA 

1  Dr.  ETlk  Ho  Will isms 

So lance  Education  Dev.  and  Rasaaroh 
National  So lance  Foundation 
Washington ,  DC  20550 

1  Dr.  Hark  Hiller 

Coaputer  So lance  Laboratory 
Tessa  Instruaents,  Ice. 

Hail  Station  371,  P.0,  tea  225936 
Dallas,  TX  75265 


Non  Govt 


1  Dr.  Allen  Hunro 

Behavioral  Technology  Laboratories 
18*5  Elena  Ave. ,  Fourth  Floor 
Redondo  Beach,  CA  90277 

1  Dr.  Donald  A  Norman 

Dept,  of  Psychology  C-009 
Univ.  of  California,  San  Diego 
La  Jolla,  CA  92093 

1  Dr.  Hal v in  R.  Novlck 

356  Lindquist  Center  for  Heaaurnent 
University  of  Iowa 
Iowa  City,  IA  52202 

1  Dr.  Jesse  Orlansky 

Institute  for  Defense  Analyses 
000  Arny  Navy  Drive 
Arlington,  VA  22202 

1  Dr.  Seymour  A.  Papert 

Hasaaohuaetts  institute  of  Technology 
Artificial  intelligence  Lab 
505  Technology  Square 
Cambridge,  HA  02139 

1  Dr.  James  A.  Paulson 

Portland  State  University 
P.0.  Box  751 
Portland,  OR  97207 

1  HR.  LUIGI  PCTRULL0 

2031  N.  EDGEW00D  STREET 
ARLINGTON,  VA  22207 

1  Dr.  Hartha  Poison 

Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 

1  DR.  PETER  POLSON 
DEPT.  OP  PSYCHOLOGY 
UNIVERSITY  OP  COLORADO 
BOULDER,  CO  80309 

1  Dr.  Steven  E.  Poltrock 
Department  of  Psychology 
University  of  Denver 
Denver, CO  80208 
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Non  Govt 


Non  Govt 


1  DR.  DIANE  H.  RAMSEY-KLEE  1 

R-K  RESEARCH  A  SYSTEM  DESIGN 
39A7  RIDGEMONT  DRIVE 
MALIBU,  CA  90265 

1  MINRAT  M.  L.  RAUCH 

P  II  A  1 

BUMDESMINISTERIUN  DER  VERTEIDIGUNG 
POSTFACH  1328 
D-53  BONN  1,  GERMANY 

1  Dr.  Mark  D.  Racks  a* 

Educational  Psychology  Dept. 

Univarsity  of  Mi aaour 1-Coliabia  1 

A  Hill  Hall 
Coluibia,  MO  65211 

1  Dr.  Frad  Raif 

SESAME  1 

e/o  Physics  Dapartaant 
Univarsity  of  California 
Bsrksly,  CA  9A720 

1  Dr.  Andrew  M.  Rosa  1 

taerican  Institutes  for  Research 
1055  Thoaas  Jefferson  St.  NW 
Washington,  DC  20007 

1  Dr.  Eirnst  Z.  Rothko pf  1 

Ball  Laboratories 
600  Mountain  Avenue 
Murray  Kill,  NJ  0797A 

1  DR.  WALTER  SCHNEIDER 

DEPT.  OF  PSYCHOLOGY  1 

UNIVERSITY  OF  ILLINOIS 
CHAMPAIGN,  IL  61820 

1  Dr.  Alan  Sehoenfeld 

Dapartaant  of  Mathsaatlos  1 

Haailton  Collage 
Q in ton,  NY  13323 

1  Caaaittee  on  Cognitive  Research 

f  Dr.  Lonnie  R.  Sherrod 
Sooial  Science  Research  Council  1 

605  Third  Avenue 
Haw  York,  NY  10016 


Dr.  David  Shucard 
Brain  Sciences  Labs 

National  Jewish  Hospital  Research  Center 
National  Asthaa  Center 
Denver,  CO  80206 

Robert  S.  Slegler 
Associate  Professor 
Carnegle-Mellon  university 
Dapartaant  of  Psychology 
Sohenley  Park 
Pittsburgh,  PA  15213 

Dr.  Eduard  E.  Salth 

Bolt  Beranek  A  Newt  an,  Inc. 

50  Moulton  Street 
Caabrldge,  MA  02138 

Dr.  Robert  Saith 
Dapartaant  of  Goaputer  Science 
Rutgers  University 
New  Brunawiok,  NJ  08903 

Dr.  Richard  Snow 
School  of  Education 
Stanford  University 
Stanford ,  CA  9A305 

Dr.  Robert  Sternberg 
Dept,  of  Psychology 
Yale  University 
Box  11A,  Yale  Station 
New  Haven,  CT  06520 

DR.  ALBERT  STEVENS 

BOLT  BERANEK  A  NEWMAN,  INC. 

50  MOULTON  STREET 
CAMBRIDGE,  MA  02138 

Dr.  Thoaas  G.  Stieht 

Director,  Basic  Skills  Division 

HUHRRO 

100  N.  Washington  Street 
Alexandria ,VA  2231 A 

David  E.  Stone,  Ph.D. 

Reseltine  Corporation 
7680  Old  Springhouae  Road 


NeUan,  VA  22102 
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Non  Govt 


Non  Govt 


1  DR.  PATRICK  SUPPES 

INSTITUTE  FOR  MATHEMATICAL  STUDIES  IN 
THE  SOCIAL  SCIENCES 
STANFORD  UNIVERSITY 
STANFORD.  CA  9*305 

1  Dr.  Kikuai  Tatsuoks 

Computer  Baaed  Education  Research 
Laboratory 

252  Engineering  Research  Laboratory 
University  of  Illinois 
Urbana,  IL  61801 

1  Dr.  David  Thissen 

De parts ent  of  Psychology 
University  of  Kansas 
Lawrence,  KS  66044 

1  Dr.  Douglas  Towne 

Univ.  of  So.  Cslifornia 
Behavioral  Technology  Labs 
18*5  S.  Elena  Ave. 

Redondo  Beach,  CA  90277 

1  Dr.  J.  Uhlaner 

Perceptronlcs,  Inc. 

6271  Varlel  Avenue 
Woodland  Hills,  CA  91364 

1  Dr.  tfllllan  R.  Uttsl 
University  of  Michigan 
Institute  for  Social  Research 
Ann  Arbor,  MI  48106 


1  Dr.  David  J.  Weiss 
N660  Elliott  Hall 
University  of  Minnesota 
75  E.  River  Road 
Minneapolis,  MN  55*55 

1  Dr.  Keith  T.  Wescourt 

Infomation  Sciences  Dept. 
The  Rand  Corporation 
1700  Main  St. 

Santa  Monica,  CA  90406 

1  DR.  SUSAN  E.  WHITELY 
PSYCHOLOGY  DEPARTMENT 
UNIVERSITY  OF  KANSAS 
LAWRENCE,  KANSAS  66044 

1  Dr.  Christopher  Wickens 
Department  of  Psychology 
University  of  Illinois 
Chaapalgn,  IL  61820 

1  Dr.  J.  Arthur  Woodward 
Department  of  Psychology 
University  of  California 
Los  Angeles.  CA  90024 


1  Dr.  Howard  Walner 

Bureau  of  Social  science  Research 
1990  M  Street,  N.  W. 

Washington,  DC  20036 


1  Dr.  Phyllis  Weaver 

Graduate  School  of  Education 
Harvard  university 
200  Larsen  Hall,  Applan  Way 
Caai bridge,  MA  02138 


